Verapamil attenuates calcium-induced mitochondrial swelling and respiratory dysfunction.
A protective effect of verapamil against hypoxic renal proximal tubule injury has been demonstrated in vitro. In contrast to other cytoprotective agents such as glycine or alanine, the protective effect of verapamil is associated with better maintenance of cellular ATP and potassium levels. These findings suggested a possible direct effect of verapamil on the mitochondria in addition to known effects of verapamil on membrane Ca channels. In the present study, the direct effects of verapamil on Ca-induced swelling, respiratory dysfunction, Ca uptake rate and phospholipase activity of renal cortical mitochondria were determined. Verapamil (100 microM) significantly inhibited Ca-induced mitochondrial swelling and partially prevented the associated reduction in respiratory control ratio (State 3/State 4: Ca + verapamil: 2.8 +/- 0.1 vs. Ca alone, 2.0 +/- 0.2; P < .01). A phospholipase A2 inhibitor, dibucaine (100 microM), significantly inhibited Ca-induced mitochondrial swelling and attenuated the decrease in respiratory control ratio (Ca + dibucaine: 2.9 +/- 0.1 vs. Ca alone, 2.0 +/- 0.2; P < .001). Neither agent, either alone or combined, completely prevented the respiratory dysfunction. Either verapamil or dibucaine attenuated the mitochondrial Ca uptake rate and reduced the rate of Ca-stimulated polyunsaturated free fatty acid accumulation; verapamil treatment also was associated with diminished net release of saturated and monounsaturated free fatty acids. These findings demonstrate that verapamil exerts a protective effect against Ca-induced mitochondrial damage which may be mediated in part by its effect to suppress mitochondrial Ca uptake and mitochondrial phospholipase activity.